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Each year more than 6 million motor vehicle crashes occur on our nation’s roads, resulting in 3 million human injuries and 42,000 premature deaths. Automobile, original equipment manufacturers (OEMs) are conducting considerable research (independent and proprietary) in vehicle crashworthiness, to insure compliance with vehicle performance requirements defined by the Federal Highway Administration (FHWA). Through its Centers of Excellence for Finite Element Crash Analysis, FHWA is focusing on improved designs for roadside safety structures through research to better understand the dynamic behavior of the structure or barrier. For over a decade transportation professionals have been developing an architecture and some components of an Intelligent Transportation System (ITS). Broad objectives of the ITS include: improve the performance of highways and other transportation system elements by reducing congestion, increasing travel speeds, improving safety, and saving energy. Efficient and effective development of ITS is strongly tied to emerging OEM research products in telematics- the wireless provision of ITS information, safety services, computing and convenience. These telematics products are usually focused on enhancing the mobile individual’s ability to use the information superhighway and not on ITS per se.
Advancements in distributed information technologies including intelligent sensors and wired or wireless communications can improve traffic system performance (operations and planning), knowledge of accident cause and effects, cross-agency information exchange for emergency response decision makers, tracking of hazardous or suspicious cargo, and provide transportation system information appropriate for interactions with vehicles of the future. Technology developed for DoD’s Distributed Marine-Environment Forecast System provides a basis for developing a Distributed Information Technology System for Safety (DITSS), (a decision support system). The DITSS can be thought of as a system of systems, which will include appropriate ITS, Coupled Crash Design models, etc.
The explosive growth in information technologies (e.g., ubiquitous computing across distributed networks, wired and wireless telecommunications, intelligent sensors, information and computational servers and portals) brings substantial opportunities for enhanced transportation safety along with increased concerns.  As an example, collecting information through sensors and human means relevant to accidents and traffic behavior provides a means to characterize safety issues related to particular highway designs.  Integrating this data into a larger information system provides a framework for improving the highway infrastructure (e.g., the design of particular intersections) through computational design optimization (e.g., multi-objective crashworthiness optimization).
A primary focus here will be in developing an information system framework where data collected through sensors and human means relevant to traffic behavior and accidents can be stored and analyzed, to characterize safety issues related to particular highway designs. Results of this analysis, coupled with computational design optimization can lead directly to improved safety in highway designs. Monitoring the environment of an accident (e.g. time measurements of temperature, rain/surface water, wind, video, radar) coupled with intelligent data processing, storage, and communication of information can provide critical input in assessing accident related issues. Emerging technologies (e.g. interactive navigation systems) will enable the vehicle to gather this data and function as a computing node on a distributed transportation system network. By incorporating instrumentation with Global Positioning System features in “roving vehicles” (e.g., highway patrol units), the information system can be augmented to fill in information between strategically located stationary points. This enhanced “black box” monitoring must be coupled with intelligence to extract the key information required for communication and storage (e.g. displaying in future navigation systems: traffic congestion, traffic speed, accidents, road construction/repair, and other road hazards with location and timing). These technologies will help enable the development of semi-autonomous vehicular control systems, which require these real time road conditions. 
In addition, the emerging vehicle as a computing node on a distributed transportation system network (e.g., interactive navigation systems and adaptive vehicular control systems) will need this information in order to capture the environment in which the vehicle is operating.  Particularly, in the context of driver-assisted control versus autonomous control, the ability of the driver to comprehend the vehicle’s environment and appropriately assume control is of supreme importance.  The cognitive science and ergonomics issues must clearly be understood and are key elements in system design optimization with the human as a component of the overall system.  Although the driver interface is within the vehicle, the vehicle is operating within the overall transportation environment; consequently, the vehicle-driver system cannot be optimized independently.   
Clearly, there are substantial safety issues related to the deployment of information and communication technologies in the overall highway transportation system.   Experimental test beds and demonstration projects provide means to collaborate with related state and federal agencies and companies as these technologies are developed and applied with a focus on safety.
Please visit http://www.isip.msstate.edu for more information about our research programs in information technology and intelligent transportation systems.
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Dr. Picone is a Professor in the Department of Electrical and Computer Engineering at Mississippi State University. He founded the Institute for Signal and Information Processing in 1994, which is well-known for its pioneering work on the development of public domain speech technology (see http://www.isip.msstate.edu). He recently joined the Center for Advanced Vehicular Systems where he leads research on intelligent electronic systems and intelligent transportation systems. His primary research interest is statistical modeling in signal processing, with emphasis on speech processing.
Dr. Picone was previously employed at Texas Instruments (TI) as a Senior Member of Technical Staff where he conducted research into speech compression and speech recognition. He led numerous technology development efforts involving defense and commercial applications of speech technology. He founded TI’s first international research center in Tsukuba, Japan, where he spent two years developing Japanese speech recognition technology. He was also previously employed by AT&T Bell Laboratories where he developed secure voice communications technology and network applications of speech recognition. Accomplishments included the first widespread deployments in AT&T of speech recognition for operator services applications. Dr. Picone is a former Adjunct Professor at University of Texas at Dallas and Illinois Institute of Technology.
Dr. Picone has published more than 140 papers in the area of speech processing and has been awarded 8 patents. He is currently a Senior Member of the IEEE and is very active in several professional societies. He has served on the Speech Processing Technical Committee for IEEE Signal Processing Society, and has been an Associate Editor of the IEEE Transactions on Speech and Audio Processing, and the IEEE Signal Processing Magazine. He has also participated in the organization of several major IEEE conferences including the International Conference on Acoustics, Speech and Signal Processing.
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Zach Rowland is the Thrust Leader for Human and Systems Engineering in the Center for Advanced Vehicular Systems at Mississippi State University. He is also an active member of SAE and IEEE. He was previously Director of Electrical Engineering at Strattec Security Corp in Milwaukee, WI. His career covers 12 years in the oil exploration industry and the last 10 years in automotive industry management. He has been awarded 2 patents for fuel injection and ignition control systems.  .
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Dr. Georgios Y. Lazarou is currently an Assistant Professor in the Electrical and Computer Engineering Department at Mississippi State University. He is a founding member of the Telecommunication and Information Technology Laboratory (TITL) at Mississippi State University. Currently, his is member of the Intelligent Electronic Systems (IES) program at CAVS. His current research interests lie in the area of next generation smart networking technology, wireless networking for intelligent transportation systems, and energy efficient protocols for wireless sensor networks. He has been involved in research projects concerning the design of adaptive and reconfigurable networks, modeling and evaluating the performance of high-speed wide-area asynchronous transfer mode (ATM) networks and Internet, and characterization of network traffic. Results from his work have been published in numerous journal and conference articles, and in technical reports.
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Bill Buchanan works with the U.S. military as an electrical engineer at Mississippi State University. He's a systems engineer, product developer, registered professional engineer, and author. While at Bell Laboratories, he was a distinguished member of technical staff and developed both equipment and communication protocols for computer networks. As a former captain in the U.S. Air Force Electronic Systems Division, he helped develop and test a side-looking prototype radar designed to penetrate foliage. He's been awarded three patents and published three novels entitled: Virus, ClearWater, and Pure Fusion. He received a masters degree in electrical engineering from Mississippi State University in 1976 after working as a graduate assistant at NASA. He and his family live in Brandon, Mississippi, where he's currently writing his next novel.
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Figure 1. An aerial view of the Center for Advanced Vehicular Systems located at Mississippi State University. This 45,000 square foot facility includes a 5,000 square foot laboratory for human systems engineering.

The Center for Advanced Vehicular Systems at Mississippi State University, shown in Figure 1, is a state-of-the-art research center designed to reduce product development time, improve efficiency and increase safety in automobiles. The $9 million, 45,000-square-foot facility draws on the university’s longstanding high-performance computing expertise to develop manufacturing methods that yield high-quality vehicles with advanced features. Researchers also will be working to reduce time-to-market and production costs. CAVS includes a 23,000-square-foot extension center near the Nissan manufacturing facility in Canton, where Nissan employs more than 5,000 people and produces more than 400,000 vehicles annually. 

Research efforts at the new facility are focused in four areas: computational manufacturing and design; alternative power systems, human systems engineering, and telecommunications. Through the center’s outreach and extension effort, research will be translated to direct engineering support, on-site educational programs and workforce development. Included in the high-tech center are 5,000-square-foot high-bay laboratories, and a 9,000 square-foot laboratory for materials, human factors, alternative power and telecommunications research.

The Human Systems Engineering laboratory occupies approximately 4,500 square feet, and focuses on sponsored projects related to the human aspects of advanced technologies, human-computer interaction, virtual industrial safety training systems, design for an aging population, and efforts to improve human reliability and performance in healthcare and transportation systems. Additional major equipment available for research includes motion capture systems, infrared thermal cameras, and a variety of driving simulation tools.

Other university facilities supporting cognitive ergonomics re​search include the Mississippi State University ERC – an institute for computational science and engineering. The ERC has a Computer Automatic Virtual Environment (CAVE), which is supported by a multiprocessor and multi-pipe Silicon Graphics (SGI) Onyx RealityEngine2 and integrated with motion trackers and a wand hand control. Those facilities support research in human-computer interaction, distance learning, user cognition, scientific visualization and virtual reality.

The telecommunications research infrastructure includes a scalable computer networking testbed, shown in Figure 2, being used to develop next generation communications systems for the Navy's electronic ship program. This scalable emulation and performance evaluation networking testbed consists of eight Dell Poweredge 1650 P4 1.4GHz servers, three Cisco 1720 IP routers, two Linksys Etherfast II 16-port 10/100 Mbps switches, two Belkin Omni-View Pro2 8-port KVM switches, one Adran Atlas 550 WAN emulator, three Dell control workstations, one Dell Latitude C400 Mobile 1.33 GHz Pentium, two OSPF software routers, and Intel 802.11/a/b/g wireless access point. In addition, this networking testbed is extended with a small-scale wireless sensor network: 8 Crossbow’s MICA2 processor/radio motes and 1 single Embedded Planet EP860 single board computer (SBC). The SBC is outfitted with a PCMCIA 802.11a-based WLAN adapter and serves as the based station. 

In addition, the following test and measurement equipment are available to the project: one Yellowjacket 802.11a WLAN analyzer, one Tektronix 500 MHz oscilloscope, two HP 9 KHz - 1.8 GHz spectrum analyzers, four HP 15 MHz function generators, three HP power supplies, one HP 100 KHz - 1 GHz signal generator, one LINKBIT convolutional encoder/Viterbi decoder, two HP pulse generators, one HP 30 KHz - 3 GHz network analyzer, one HP DC - 2650 MHz vector signal analyzer, and one EMONA Telecommunications Instructional Modeling system. The following software tools are also available: MLDesigner, SystemView, Matlab v6.1, Mathematica v4.2, NetSpec, and Microsoft Office.

The ERC at Mississippi State University has a long history of maintaining a world-class supercomputing infrastructure for its affiliated centers and institutes. Its 1,038 node Pentium cluster, shown in Figure 3, which included 600 Gbytes of memory, was ranked the 127th fastest machine in the world in the June 2002 edition of the TOP500 list. It is currently developing 384 Pentium IV cluster based on 3.06 GHz processors and 480 Gbytes of RAM. This cluster uses a 10 Gbytes/sec Infiniband interconnect with a 4 usec latency. It will be on the top 50 machines in the world according to the November 2003 edition of the Top 500, and will be one of the top 10 fastest machines in academia. All researchers affiliated with the ERC have access to these machines as part of the infrastructure supplied through recovered overhead.
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Figure 3. The 1,038 node Pentium cluster is one of several supercomputers available for use in this project.
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Figure 2. Communications research facilities include a scalable computer networking testbed originally developed as a next generation communication systems for the Navy's electronic ship program.

High-speed disk access to these clusters is provided by a series of Sun Enterprise servers that host over 25 Terabytes of disk space. These servers range from a Sun V240 (0.75 Terabytes) to a Sun V880 (13 Terabytes). A 200 TB mass storage unit is also being deployed this year in a strategic upgrade that will bring unprecedented levels of data access to the cluster. All disk space is backed up on a regular schedule of incremental and full backups using a variety of resources including permanent tape archives.

The supercomputing facility at the ERC is linked to the CAVS facility through a 10 Gigabit Ethernet. The ERC is, in turn, linked to the campus backbone using a Gigabit Ethernet. MS State is connected to the Internet via an OC3 connection (155 Mbits/s) and a similar connection to the Internet 2 backbone. The servers are interconnected using a variety of protocols including Gigabit Ethernet, OC-3 and OC-12 ATM. Such high-speed connectivity allows us to support a wide range of user needs from our web sites, including high speed downloads of our extensive public domain software.

Finally, the computer infrastructure is supported by a staff of 5 full-time system administrators, several student workers, and an administrative staff that handles purchases, maintenance agreements, software licensing, etc. These resources are provided using a generous overhead recovery formula that encumbers a small fraction of the overhead for ERC infrastructure (28% of 40% of our 43% overhead rate). This translates to a substantial cost-savings to the project.[image: image4.bmp]
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